INTRODUCTION 3 6
In order to understand the specificities of the human microbiome assembly, extensive meta-analyses 3 7
of human and non-human primate microbiomes have been recently carried out. 1, 2 This comparative 3 8 approach has highlighted the reduction of individual biodiversity as one of the distinctive features 3 9
of the human gut microbiome (GM). 1 Interestingly, this hallmark has been found to be exacerbated 4 0
in Western urban populations, which show even more marked compression of personal diversity 4 1 than traditional and rural counterparts. [3] [4] [5] [6] Consistent with the disappearing microbiota hypothesis, 7 4 2 the dramatic shrinkage of individual GM diversity in Western urban populations depicts a 4 3 maladaptive microbiome state that has been supposed to contribute to the rising incidence of 4 4
chronic non-communicable diseases, such as obesity, diabetes, asthma and inflammatory bowel 4 5 disease. [8] [9] [10] [11] Consequently, in recent years, a large body of research has been devoted to 4 6
understanding the mechanisms leading to the diversity loss in the Western urban GM. It is in this 4 7
scenario that the multiple-hit hypothesis has been advanced. 8 According to this theory, the 4 8
progressive reduction of human GM diversity has occurred at multiple stages along the recent 4 9
transition to modern urban societies, and several aspects typical of the urbanization process -such 5 0 as sanitation, antibiotics, C-section and Western diet -have been pointed out as contributing factors. 5 1
In particular, the reduction in quantity and diversity of Microbiota-Accessible Carbohydrates 5 2 kcal). The percentage of macronutrients is distributed as follows: fat, 51.02%; protein, 30.14%; 1 0 5 carbohydrate, 18.84% (Figure 1A) . With regard to lipids, 51.65% of total calories are from 1 0 6 monounsaturated fatty acids (MUFAs), 30.93% from saturated fatty acids (SFAs) and 17.42% from 1 0 7 polyunsaturated fatty acids (PUFAs) (Figure 1B) . The average daily fiber intake is 14.64 g/1000 1 0 8
kcal. 1 0 9
The GM structure of MPD Italian adults was profiled through 16S rRNA gene sequencing of fecal 1 1 0 In order to investigate whether the adherence to the MPD is sufficient to promote a more diverse 1 2 5 GM ecosystem -even in a Western urban context -we compared the GM diversity between the 15 1 2 6
MPD subjects and 143 urban Italians with different level of adherence to the MD, whose GM 1 2 7
composition was described in De Filippis et al. 21 and Schnorr et al. 5 Moreover, to extend the meta-1 2 8
analysis to a global level, the GM structural profiles of the following traditional hunter-gatherer 1 2 9 populations were included: 27 Hadza from Tanzania, 5 25 Matses from Peru 6 and 21 Inuit from 1 3 0 6
Canada. 22 According to our findings, significant differences in the GM biodiversity among the 1 3 1 study groups were detected (Simpson index, P-value = 2.6 × 10^-15; Shannon index, P-value = 2.2 1 3 2 × 10^-16; Kruskal-Wallis test) (Figure 3) . Interestingly, the GM diversity observed for MPD 1 3 3
subjects far exceeds that of urban Italians adhering to the MD (Simpson index, P-value = 2.5 x 10 -7 ; 1 3 4
Shannon index, P-value = 6.1 x 10 -9 ; Wilcoxon test), and is even greater than that observed in 1 3 5
Matses (P-value = 0.0082; 0.0039) and Inuit (P-value = 0.00075; 0.0027). On the other hand, no 1 3 6 significant difference was found between MPD individuals and the Hadza (P-value = 0.39; P-value 1 3 7 = 0.26). 1 3 8
The PCoA based on Bray-Curtis distances was next used to assess overall genus-level 1 3 9
compositional differences in the GM structure between study groups. Our data show clear 1 4 0 separation of GM profiles by provenance and, within the Italian cohort, by dietary pattern (P-value 1 4 1 < 1 × 10 -5 , permutation test with pseudo-F ratios) ( Figure 4A) . Interestingly, MPD subjects show a 1 4 2 low level of interpersonal GM variation (Bray-Curtis distances, mean ± SD, 0.42 ± 0.095), 1 4 3 approximating that observed for the Hadza (0.36 ± 0.092) ( Figure 4B) . Finally, to identify the 1 4 4
bacterial drivers with a statistically significant contribution (permutation correlation test, P-value < 1 4 5 0.001) to the sample ordination, we superimposed the genus relative abundance on the PCoA plot 1 4 6 ( Figure S1 ). According to our data, the microorganisms characterizing the Italian cohort are 1 4 7 sharing a high abundance of Prevotella. 5, 6 1 6 5
These data confirm recent findings that demonstrate the predominance of host location and 1 6 6 ethnicity, with respect to diet, as determinants of human GM variation. 14, 15 However, despite the 1 6 7
overall Western-like configuration, the MPD-associated GM structure stands out from that of 1 6 8
Italians adhering to the MD for a much higher degree of biodiversity, which well approximates that 1 6 9
observed in traditional hunter-gatherers. Since the Italian subjects of our cohort share the 1 7 0 provenance and all that it entails, including the lifestyle, it can be hypothesized that the MPD-1 7 1 associated bloom in GM diversity is accounted for by the peculiarities of the MPD compared to the 1 7 2 MD. Though the two diets are similar in many respects -i.e. high intake of fruit, vegetables, fish 1 7 3
and nuts, as well as low glycemic load -the MPD is in fact distinguished by: (i) greater 1 7 4 consumption of MACs, mainly from wild plant foods; (ii) total exclusion of industrially processed 1 7 5 products; (iii) higher intake of unsaturated fatty acids, especially MUFAs, from olive oil, nuts and 1 7 6 meat; (iv) no consumption of foods containing refined sugars. [17] [18] [19] [20] It is, therefore, tempting to 1 7 7 speculate that these MPD distinctive features may be sufficient to support the consolidation of a 1 7 8
highly diversified GM layout, thus counteracting the loss of GM biodiversity, typically observed in 1 7 9
Western urban populations as compared to traditional communities. 3-6 1 8 0
In conclusion, our findings shed some light on the possibility of recovering GM diversity in 1 8 1
Western urban populations through diet. Increasing the consumption of MACs at the expense of 1 8 2 refined sugars, and minimizing the intake of processed foods, both hallmarks of the MPD, could 1 8 3 indeed act synergistically in facilitating the regain of an eubiotic level of GM diversity. Moreover, 1 8 4 the high intake of MUFAs, as found in the MPD, suggests that these fatty acids could play a role in 1 8 5
supporting the increase in GM diversity, which is worthy of being further explored in larger 1 8 6
cohorts. Italy) where they were stored at -80°C until processing. Each subject was asked to fill in a 7-day 1 9 8
weighted food intake record (7D-WR), with the total food and beverage consumption, as previously 1 9 9
described. 23 Daily total calorie intake as well as that of macro-and micro-nutrients were assessed 2 0 0 through the MètaDieta® software version 3.7 (METEDA). Written informed consent was obtained Microbial DNA extraction 2 0 5
Total bacterial DNA was extracted from each stool sample using the DNeasy Blood and Tissue kit 2 0 6 (QIAGEN) with the modifications previously described by Biagi et al. 24 In brief, 250 mg of fecal 2 0 7 samples were suspended in 1 ml of lysis buffer (500 mM NaCl, 50 mM Tris-HCl pH 8, 50 mM 2 0 8 9 EDTA, 4% (w/v) SDS), added with four 3-mm glass beads and 0.5 g of 0.1-mm zirconia beads 2 0 9
(BioSpec Products) and homogenized using a FastPrep instrument (MP Biomedicals) with three 2 1 0 bead-beating steps at 5.5 movements/sec for 1 min, and 5-min incubation in ice between treatments. 2 1 1
After incubation at 95°C for 15 min, stool particles were pelleted by centrifugation at 14,000 rpm 2 1 2 for 5 min. Nucleic acids were precipitated by adding 260 μ l of 10 M ammonium acetate and one 2 1 3 volume of isopropanol. The pellets were then washed with 70% ethanol and suspended in TE 2 1 4
buffer. RNA was removed by treatment with 2 μ l of DNase-free RNase (10 mg/ml) at 37°C for 15 2 1 5 min. Protein removal and column-based DNA purification were performed following the 2 1 6 manufacturer's instructions (QIAGEN). DNA was quantified with the NanoDrop ND-1000 2 1 7 spectrophotometer (NanoDrop Technologies). (Biometra GmbH) with the following gradient: 3 min at 95°C for the initial denaturation, 25 cycles 2 2 5 of denaturation at 95°C for 30 sec, annealing at 55°C for 30 sec and extension at 72°C for 30 sec, 2 2 6 and a final extension step at 72°C for 5 min. PCR products of around 460 bp were purified using a 2 2 7 magnetic bead-based system (Agencourt AMPure XP; Beckman Coulter) and sequenced on 2 2 8
Illumina MiSeq platform with the 2 × 250 bp paired-end protocol, according to the manufacturer's 2 2 9
guidelines (Illumina). Briefly, each indexed library was prepared by limited-cycle PCR using 2 3 0
Nextera technology, and further purified as described above. The libraries were subsequently 2 3 1 pooled at equimolar concentrations, denatured with 0.2 N NaOH, and diluted to 6 pM before 2 3 2 loading onto the MiSeq flow cell. Sequencing reads were deposited in MG-RAST (ID: …). Raw sequences were processed using a pipeline that combines PANDAseq 26 and QIIME. 27 The 2 3 6
UCLUST software 28 was used to bin high-quality reads into operational taxonomic units (OTUs) at 2 3 7 0.97 similarity threshold through an open-reference strategy. Taxonomy was assigned through the 2 3 8 RDP classifier, using the Greengenes database as a reference (release May 2013). Chimera filtering 2 3 9
was performed by using ChimeraSlayer. 29 All singleton OTUs were discarded. Principal Coordinates Analysis (PCoA) of Bray-Curtis distances was tested using a permutation test 2 4 9
with pseudo-F ratios (function Adonis of vegan). Superimposition of bacterial genera on the PCoA 2 5 0 plot was performed using the envfit function of vegan. Wilcoxon test was used to assess significant 2 5 1
